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Abstrat
In order to measure spin-dependent parton distributions in prodution of W± bosons using the
non-hermeti detetors of the Relativisti Heavy Ion Collider, an aurate model for distributions of
harged leptons from the W boson deay is needed. We disuss the preditions for prodution and
deay of the W bosons based on a alulation for resummation of large logarithmi ontributions
originating from multiple soft gluon radiation. We ompare the preditions for the spin-dependent
resummed ross setions with the orresponding next-to-leading order results. We show that the
lepton-level asymmetries an be reliably predited by the resummation alulation and diretly
ompared to the experimental data. A program for the numerial analysis of suh ross setions in
γ∗, W±, and Z0 boson prodution is also presented.
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I. INTRODUCTION
The measurement of longitudinal spin asymmetries in prodution of W± bosons at the
Relativisti Heavy Ion Collider (RHIC) will provide an essential probe for spin-dependent
quark distributions at high momentum sales Q2 [1℄. At a pp enter-of-mass energy
√
s = 500
GeV, about 1.3 × 106 W+and W− bosons will be produed by the time the integrated
luminosity reahes 800 pb−1. Due to the parity violation in the qq¯W oupling, this proess
permits non-vanishing single-spin asymmetries AL(ξ), dened for any kinematial variable
ξ as
AL(ξ) ≡
dσ(p→p→WX)
dξ
− dσ(p←p→WX)
dξ
dσ(p→p→WX)
dξ
+ dσ(p
←p→WX)
dξ
. (1)
The Born-level expression for the asymmetry AL(yW ) with respet to the rapidity yW of
the W boson is partiularly simple if the absolute value of yW is large. In that ase, the
Born-level AL(yW ) redues to the ratio ∆q(x)/q(x) of the polarized and unpolarized parton
distribution funtions [24℄. Furthermore, AL(yW ) tests the avor dependene of quark
polarizations.
The original method for extrating the spin-dependent quark distributions out of the
RHIC W boson data is based on the diret reonstrution of the asymmetry AL(yW ) [1, 5℄.
Unfortunately, suh reonstrution is obstruted by speis of the detetion of W± bosons
at RHIC. First, neither Phenix [6℄ nor Star [7℄ detetor at RHIC is hermeti. Therefore,
it is not possible at those detetors to monitor the energy balane in partile reations,
even in the transverse diretion with respet to the beams. Due to the lak of information
about the missing energy arried by the neutrino, the determination of yW is in general
ambiguous and depends on the assumptions about the dynamis of the proess. Seond,
due to the orrelation between the spins of the initial-state quarks and nal-state leptons,
the measured value of AL(yW ) is strongly sensitive to the experimental uts imposed on the
observed harged lepton. Hene, unless a theory alulation exists to reliably predit the
distributions of the leptons from the W boson deay, the spin-dependent quark distribution
funtions annot be determined with aeptable auray.
In weak boson prodution at the Fermilab Tevatron pp¯ ollider, the mass MW of
the W boson has been measured to a great preision [8, 9℄. The information on MW
is extrated out of the lepton-level distributions dσ/mT , dσ/dpTe, or dσ/dpTν, where
2
pTe ≡ |pTe| and pTν ≡ |pTν | are the transverse momenta of the eletron and neutrino,
and mT ≡
√
2pTepTν − 2pTe · pTν is the transverse mass of the lepton pair. The value of
MW an be determined from the analysis of the position and shape of the Jaobian peaks
in eah of these three distributions. For most of the events ontributing near the Jaobian
peak, the transverse momentum qT of the W boson is very small, of order of a few GeV.
Therefore, at eah order of the perturbative QCD alulation, there are large logarithmi
ontributions of the form αnSq
−2
T ln
m(M2W/q
2
T ), where n = 1, 2, . . . and m = 0, 1, . . . , 2n − 1.
These large logarithmi ontributions an be summed to all orders in αS by applying the
transverse momentum resummation formalism formulated in the impat parameter spae by
Collins, Soper, and Sterman (CSS) [10℄. Without suh a resummation alulation performed
at the deay lepton level [11℄, it would not be possible to determine MW from the experi-
mental data. This is beause at hadron olliders the longitudinal momentum of the neutrino
from theW boson deay is not observed by the detetors; hene, the invariant mass of theW
boson annot be measured diretly. Instead, the determination of the W boson mass relies
on the analysis of the shape of the Jaobian peaks in the lepton-level distributions sensitive
to qT . Again, without a resummation alulation at the seondary lepton level, it would not
be possible to predit the shape of these distributions aurately enough to determine MW .
We refer the reader to Ref. [11℄ for a detailed disussion of the phenomenology of the W
boson physis at the Tevatron ollider.
Similarly, at RHIC, a resummation alulation is needed to reliably predit the distribu-
tion of the seondary leptons from the W boson deay. As we already mentioned, the reason
is the neessity to dedue spin-dependent parton luminosities based on the observation of
the seondary harged lepton only. For RHIC purposes, the resummation alulation at the
lepton level has to be modied to inlude the spin dependene, whih has been performed in
Ref. [12℄. In this paper, we will apply the alulation in Ref. [12℄ to model single-spin asym-
metries of W boson prodution in realisti RHIC onditions. We put the emphasis on the
disussion of the asymmetries AL(yℓ) and AL(pTℓ) for the distributions in the rapidity yℓ and
transverse momentum pTℓ of the observed harged lepton. We will argue that these diretly
observed asymmetries provide a viable alternative to the ommonly disussed asymmetry
AL(yW ).
The paper is organized as follows. In Setion II, we briey summarize the resummation
formalism used for this study. A next-to-leading order (NLO) alulation is also presented
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for omparison to the resummation alulation. Sine good understanding of spin-averaged
ross setions is needed to derive polarized PDFs from the spin asymmetries, Setion III dis-
usses the unertainties due to the imperfet knowledge of unpolarized parton distributions,
as well as the potential for RHIC experiments to redue these unertainties. Setion IV
demonstrates that a orret model of multiple parton radiation is important to desribe
the dierential distributions of the nal-state leptons. We then employ the resummation
alulation to realistially evaluate the feasibility of the reonstrution of the asymmetry
AL(yW ) from the observed harged lepton data. Setion V shows that the spin asymmetries
for the distributions of the observed seondary leptons provide an attrative alternative to
the asymmetry AL(yW ): they an be measured diretly and disriminate eiently between
the dierent PDF sets. We also show that the RHIC experiments an explore the spin
dependene of the nonperturbative ontributions from the multiple parton radiation. The
main ndings of this paper are reapped in the onlusion.
II. THEORETICAL ESSENTIALS
The primary goal of this paper is to disuss prodution ofW± bosons, whih will be used
at RHIC to obtain information about the longitudinally polarized parton distribution fun-
tions (PDFs) in the quark setor. Due to the unique feature of the maximal parity violation
in theWqq¯ oupling, the parton-level ross setions for spin-dependent W boson prodution
have pronouned single-spin asymmetries. This feature gives W boson prodution an edge
on parity-onserving proesses, in whih non-trivial hadroni dynamis an be probed only
through the measurement of more omplex double-spin asymmetries.
Denote the unpolarized distribution of a parton a in a nuleon A as fa/A(ξ, µF ) and the
longitudinally polarized distribution of a in the nuleon A as ∆fa/A(ξ, µF ). Then,
fa/A(ξ, µF ) ≡ f+/+(ξ, µF ) + f−/+(ξ, µF ), (2)
∆fa/A(ξ, µF ) ≡ f+/+(ξ, µF )− f−/+(ξ, µF ), (3)
where fha/hA(ξa, µF ) is a heliity-dependent parton distribution funtion, i.e., a probability
of nding a parton a with the momentum pµa = ξap
µ
A and heliity ha in a hadron A with
the momentum pµA and heliity hA. The PDFs depend on the fatorization sale µF , whih
in our alulation is assumed to oinide with the QCD renormalization sale. To nd the
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polarized PDFs from an experiment with one longitudinally polarized beam, one measures
the unpolarized ross setion,
dσ
dξ
=
1
2
(
dσ(p→p→ WX)
dξ
+
dσ(p←p→WX)
dξ
)
, (4)
as well as the single-spin ross setion,
d∆Lσ
dξ
=
1
2
(
dσ(p→p→WX)
dξ
− dσ(p
←p→WX)
dξ
)
. (5)
Here ξ denotes any kinemati variable, suh as the rapidity yW of the W boson. The single-
spin asymmetry is dened as
AL(ξ) ≡ d∆Lσ/dξ
dσ/dξ
. (6)
In Ref. [12℄, we presented fully dierential unpolarized ross setions dσ/dξ, single-spin
ross setions d∆Lσ/dξ, and double-spin ross setions d∆LLσ/dξ for prodution and de-
ay of γ∗,W±, and Z0 bosons. To reliably predit the rate at any point of the momentum
phase spae, these ross setions inlude the all-order sum of large soft and ollinear loga-
rithms, whih dominate at small transverse momentum qT of the vetor boson. This all-order
sum is ombined, without double ounting, with the nite-order O(αS) ross setion, whih
dominates at large qT . The single-spin resummed ross setions in the narrow width ap-
proximation were rst obtained in Ref. [13℄. The main result of Ref. [12℄ is the (more
involved) derivation of the resummed ross setions that also aounts for the deay of the
vetor bosons and angular distributions of the nal-state leptons. Our result was derived in
the MS fatorization sheme [1416℄; therefore, it is fully ompatible with the MS parton
distributions.
The resummed ross setions from Ref. [12℄ are implemented in the numerial resumma-
tion program Legay and Monte-Carlo integration program RhiBos,
1
whih were used
to produe the results disussed in this paper. Legay is a C++/Fortran program that
quikly and aurately generates the resummed ross setions on a grid of points in the
kinematial phase spae. RhiBos reads in the ross setion grids, performs their multi-
dimensional integration, and produes the output that is optimized for RHIC speis. Sine
the nite-order ross setion is haraterized by a smaller theoretial unertainty at qT & Q,
1
The Fortran ode and input grids for RhiBos an be downloaded from
http://hep.pa.msu.edu/~nadolsky/RhiBos/.
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RhiBos swithes from the resummed ross setion (W+Y ) to the nite-order ross setion
at the point where the resummation ross setion beomes smaller than the nite-order ross
setion at qT above the position of the maximum in dσ/dqT . To ompare the resummation
alulation to the nite-order approah, we have also alulated the nite-order O(αS) ross
setion (next-to-leading order, or NLO, ross setion) with the help of a phase spae sliing
method. This method introdues a separation transverse momentum sale qsepT , below whih
the integral of dσ/dq2T over the region 0 ≤ q2T ≤ (qsepT )2 is alulated analytially, using the
small-qT approximation in Eq. (78) of Ref. [12℄. The integral over the region q
2
T ≥ (qsepT )2
is integrated numerially using the exat O(αS) ross setion. As we will show later, in the
NLO approah, preditions for several important distributions depend strongly on the value
of the auxiliary parameter qsepT , so that the resummed ross setions must be used in order
to model those distributions. Some other distributions, suh as dσ/dQ2, are not sensitive
to qsepT (up to higher-order orretions), so that the resummation and NLO alulations give
lose results for suh distributions.
The eletroweak parameters in this paper were obtained in the on-shell sheme aording
to the proedure desribed in Setion II.B of Ref. [12℄ for the Fermi onstant GF = 1.16639×
10−5 GeV−2, W boson mass MW = 80.419 GeV, and Z
0
boson mass MZ = 91.187 GeV.
The width ΓW of the W boson was evaluated as ΓW = 3GFM
3
W/(2π
√
2). The nite-order
and asymptoti ross setions were alulated for the QCD fatorization sale µF = Q.
The resummed ross setion (see Eqs. (79) and (80) in Ref. [12℄) was alulated for the
anonial values of the sale parameters, C1 = C3 = 2e
−γE
, where γE ≈ 0.577 is the Euler
onstant, and C2 = 1. Unless stated otherwise, the nonperturbative Sudakov fator in the
resummed ross setions was evaluated by using the reent Gaussian parametrization [17℄
derived from the global analysis of transverse momentum distributions in unpolarized vetor
boson prodution. The projeted statistial errors δAL in the measurement of the single-spin
asymmetries were estimated aording to Eq. (13) in Ref. [1℄:
δAL =
√
1
NP 2
− 1
N
A2L, (7)
where N = Lσ is the number of the events for the given luminosity L and ross setion σ.
Unless stated otherwise, the assumed integrated luminosity is L = 800 pb−1, and polariza-
tion P of the beam A is 70%.
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III. PHYSICS POTENTIAL IN UNPOLARIZED pp COLLISIONS
To extrat the single-spin ross setion d∆Lσ/dξ from the single-spin asymmetry AL(ξ),
the spin-averaged ross setions dσ/dξ must be known well. Obviously, the unertainty in
the knowledge of dσ/dξ must be small enough as ompared to the targeted unertainty
in the measurement of d∆Lσ/dξ. Therefore, an interesting question is: how well do we
urrently know the unpolarized ross setions at RHIC energies, and how important is their
measurement in the upoming RHIC experiments? The goal of this setion is to argue
that at present the unertainties in the unpolarized ross setions at RHIC are sizeable;
to reliably predit the unpolarized rate, these unertainties must be redued by dediated
RHIC measurements.
Table I lists the unpolarized ross setions and event rates for the proesses pp→ (W± →
ℓνℓ)X and pp → (Z0 → ℓℓ¯)X at RHIC for various values of enter-of-mass energies
√
s
and integrated luminosities L. The ross setions were derived at NLO using the updated
CTEQ6 parton distribution funtions [18, 19℄. The ross setions σ are alulated using the
best-t PDF parametrization CTEQ6M. The unertainty δσPDF in the ross setion σ is
generated by the unertainty in the unpolarized parton luminosities, whih are themselves
phenomenologial funtions known with a nite preision. This unertainty is evaluated
with the help of the Hessian matrix analysis employed in Ref. [18℄. Speially, δσPDF
orresponds to the maximal variation of σ for all possible PDF parametrizations lying in the
aeptable range of χ2. Aording to Table I, the relative PDF unertainties are of order
25% at
√
s = 200 GeV and 7− 10% at √s = 500 GeV. These are the errors that exist prior
to the measurements at RHIC.
The above PDF unertainties are large beause W and Z boson prodution at the pp
ollider RHIC probes the sea quark distributions (primarily u¯(x) and d¯(x)) at x & 0.1. For
instane, the major part of W boson events ours in the entral-rapidity region yW ≈ 0
and orresponds to the Born-level momentum frations x = Q/
√
s lose to 0.4 and 0.16
at
√
s = 200 GeV and
√
s = 500 GeV, respetively. At suh x the sea quark PDFs are
not as onstrained by the existing (mostly DIS) data, whih better determine the valene-
dominated distributions u(x) and d(x). Therefore, RHIC provides the information that is
omplementary to the DIS experiments at HERA and ollider experiments at the pp¯ ollider
Tevatron.
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This point is illustrated by Fig. 1, whih shows the relative PDF unertainty δσPDF/σ
in W± and Z0 boson prodution at various existing olliders. To ompare the potential
of pp and pp¯ olliders of the same enter-of-mass energy, this gure also shows the PDF
unertainties at titious pp¯ olliders with
√
s = 200 and 500 GeV. Aording to the gure,
the PDF unertainties at RHIC substantially exeed the unertainties at the Tevatron and
LHC. They are also up to 2.5 times larger than the PDF unertainties at the titious pp¯
olliders of RHIC energies. The PDF unertainty is the largest in W− boson prodution at
RHIC, whih is sensitive primarily to the du¯ ombination of the parton distributions.
On the other hand, for the planned integrated luminosities, RHIC will measure the spin-
averaged rates with better auray, partiularly in W+ boson prodution. At
√
s = 500
GeV and L = 800 pb−1, the 2σ relative statistial errors (2N−1/2) in the rate are 0.6%, 1.2%,
and 2% in W+, W−, and Z0 boson prodution, respetively. At
√
s = 200 GeV and L =
320 pb−1, the respetive errors are 10%, 18%, and 44%. We see that the projeted statistial
errors in W boson prodution are smaller than the urrent PDF errors. Therefore, we
onlude that the measurement of the spin-averaged ross setions at RHIC will drastially
redue the unertainty in the unpolarized parton distributions in the probed region of x. We
emphasize that the measurement of the spin-averaged ross setions should be an important
part of the RHIC physis program, sine it omplements information about the unpolarized
PDFs from the other olliders and redues systemati unertainties in the measured polarized
ross setions.
IV. RECONSTRUCTION OF SPIN ASYMMETRIES FROM RHIC DATA
A. Impat of multiple parton radiation on dierential distributions
To extrat useful information from the raw data inW boson prodution, it is neessary to
unfold the kinematial aeptane of the signal events, whih an only be reliably predited
by a resummation alulation, similar to what has been done for the W boson physis at
the Tevatron [11℄. The orret lepton-level alulation is even more indispensable given that
RHIC annot register the transverse energy arried by the deay neutrino.
For deniteness, let us onentrate on the prodution of W+ bosons. Of ourse, all
onlusions in this setion hold forW− boson prodution as well. Fig. 2 shows the transverse
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momentum distributions of the W+ boson and harged lepton from its deay, as predited
by the resummation pakage Legay-RhiBos. Here and after, the numerial results
orrespond to the .m. energy
√
s = 500 GeV and integrated luminosity L = 800 pb−1.
It is evident that most of the W bosons are produed with small, but non-zero transverse
momenta. Suh non-zero qT is aquired through radiation of soft and ollinear partons,
whih annot be approximated by nite-order perturbative alulations. In order to obtain
reliable preditions for dierential ross setions, dominant logarithmi terms αnS ln
m (q2T/Q
2)
(where 0 ≤ m ≤ 2n−1) assoiated with suh radiation should be summed through all orders
of the perturbative series.
Furthermore, onsider the distribution dσ/dpTℓ in Fig. 2(b). If the transverse momen-
tum qT and width ΓW of the W boson were negligible (as in the Born-level alulation),
dσ/dpTℓ would show a singular Jaobian peak exatly at pTℓ = MW/2. The smearing of
the Jaobian peak in Fig. 2(b) is due to the multiple soft gluon radiation and non-zero
width of the W boson. The example of dσ/dpTℓ illustrates that multiple parton radiation
and heavy boson deay may drastially alter the Born-level preditions. The resummation
eets are important if the distribution is sensitive to qT diretly (as dσ/dpTℓ), or if the
phase spae is onstrained in a region with slower onvergene of perturbation theory (as
dσ/dyℓ at large |yℓ|). In the remainder of this setion, we utilize this aurate alulation to
evaluate feasibility of the measurement of the boson-level asymmetry AL(yW ), whih is om-
monly disussed in literature as the most onvenient observable to probe polarized sea quark
distributions. Many aspets of our disussion are based on the analysis of two-variable dis-
tributions d2σ/(dpTℓdyℓ) in the transverse momentum and rapidity of the observed harged
lepton. These distributions for the unpolarized and single-spin W+ and W− boson produ-
tion are shown in Fig. 3.
B. W boson rapidity at the Born level
Consider the Born-level expression for the following asymmetry in W+ boson prodution
indued by the up quark and down antiquark via ud¯→W+ → ℓ+νℓ:
AL(yW , θ
∗) ≡ d∆Lσ/(dQ
2dyWd cos θ
∗)
dσ/(dQ2dyWd cos θ∗)
=
−∆u(xA)d¯(xB)(1 + cos θ∗)2 +∆d¯(xA)u(xB)(1− cos θ∗)2
u(xA)d¯(xB)(1 + cos θ∗)2 + d¯(xA)u(xB)(1− cos θ∗)2
. (8)
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Here xA,B ≡ (Q/
√
s)e±yW , and θ∗ is the polar angle of the harged lepton in the rest frame
of the W boson, with the z axis pointing in the moving diretion of the polarized proton
beam. The single-spin asymmetry AL(yW ) in the rapidity of the W boson an be obtained
from Eq. (8) by integrating cos θ∗ out, i.e., integrating over the moving diretion of ℓ+ and
νℓ:
AL(yW ) =
∫ 1
−1
d∆Lσ
dQ2dyW d cos θ∗
d cos θ∗∫ 1
−1
dσ
dQ2dyW d cos θ∗
d cos θ∗
=
−∆u(xA)d¯(xB) + ∆d¯(xA)u(xB)
u(xA)d¯(xB) + d¯(xA)u(xB)
. (9)
The resulting expression for AL(yW ) is ommonly disussed in literature as an example of
a simple observable, whih is straightforwardly sensitive to ∆u(x) and ∆d¯(x). Similarly,
the Born-level asymmetry AL(yW ) in W
−
boson prodution is straightforwardly sensitive to
∆u¯(x) and ∆d(x). It has been also argued in Ref. [22℄ that O(αS) orretions anel to a
good degree between the numerator and denominator of AL(yW ). Unfortunately, as we will
now demonstrate, the measurement of AL(yW ) is obstruted by the eets ofW boson deay
and the limited detetor aeptane, whih seriously ompliate both the reonstrution of
yW and determination of AL(yW ) from the observed data.
Let us rst disuss the determination of the rapidity of the W boson. Given that neither
of the two RHIC detetors measures the missing energy, the four-momentum of theW boson
annot be dedued from the momenta of its deay produts. Therefore the rapidity of the
W boson annot be measured diretly.
Despite the impossibility to measure yW in general, it has been proposed [1, 5℄ to statis-
tially hoose the orret yW in a ertain kinematial region based on several assumptions
about the QCD dynamis of the proess. Let us outline the main idea of this method.
Denote the rapidity and transverse momentum of the lepton in the lab frame as yℓ and
pTℓ, respetively. Similarly, denote the orresponding variables in the rest frame of the W
boson as y′ℓ and p
′
Tℓ, respetively. In the naive Born approximation, the W bosons have zero
width (Q = MW ) and zero transverse momentum (qT = 0). Therefore, the lepton variables
in the dierent referene frames are related as
yℓ = y
′
ℓ + yW , (10)
pTℓ = qT + p
′
Tℓ =
↑
qT = 0
p′Tℓ, (11)
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where y′ℓ and p
′
Tℓ are the funtions of the polar angle θ
∗
of the lepton in the W boson rest
frame:
y′ℓ =
1
2
ln
1 + cos θ∗
1− cos θ∗ , (12)
p′Tℓ =
Q
2
sin θ∗ =
↑
Q =MW
MW
2
sin θ∗. (13)
The omments below the equations show the assumptions involved in obtaining the rightmost
expressions in Eqs. (11) and (13).
For a given set of yℓ and pTℓ, Eqs. (10)-(13) imply two solutions y+ and y− (orresponding
to θ∗ and π−θ∗) for yW . One of them an be orretly hosen if the magnitude of the rapidity
yℓ of the harged lepton is large (i.e., if the lepton is observed in the forward or bakward
rapidity region). In these speial regions, one of the two solutions for yW an always be
disarded, beause it takes a value outside of the allowed rapidity range of the ollider. In
other words, the hosen solution is the one with the smaller magnitude. However, in reality,
qT never vanishes, as predited by the resummation alulation (see Fig. 2(a)). Similarly,
ΓW is not zero. Therefore, the above approximation never holds exatly, and the size of the
error is determined by the dierene between the Born-level and exat dynamis.
By omparing the leading order, NLO, and resummation alulations, we have found
that the approximation holds reasonably well when qT ≪ MW , p′Tℓ ≈ pTℓ, and yℓ is large.
This point is illustrated in Fig. 4, whih shows the statistially averaged dierenes 〈(|y±−
yW |)σ〉/〈σ〉 between the exat yW and eah of the two solutions y± in the two-dimensional
plane of yℓ and pTℓ, predited by the resummation alulation. It an be seen that the
dierene is small for one of the solutions in the respetive region yℓ & 1 or yℓ . −1, and
pTℓ . 25 − 30 GeV. At the same time, the dierene is unaeptably large for the other
solution. Correspondingly, in eah speial region the distribution in the orret solution
y+ or y− losely reprodues the distribution in true yW . For example, Fig. 5 shows that
the distributions dσ/dy− agrees well with the distribution dσ/dyW in the region 10 GeV ≤
pTℓ ≤ 30 GeV and 1.2 ≤ yℓ ≤ 2.4.
Exept for the speial regions in Fig. 4, the approximate solutions y± do not agree well
with the exat yW . An important feature to note is that in the speial regions the event rate
is small. As shown in Fig. 3, most of the event rate omes from pTℓ ∼ MW/2 and yℓ ∼ 0.
Furthermore, the magnitude of the error in yW depends on the shape of the ross setion,
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whih, of ourse, is unknown a priori in the polarized ase.
C. Distortion eets on AL(yW )
Let us now turn to another problem in the measurement of AL(yW ): distortions in the
dedued shape of AL(yW ) due the experimental uts. To obtain AL(yW ), the experimental
ross setions have to be integrated over all possible diretions of the lepton motion, i.e., over
cos θ∗ in the interval −1 ≤ cos θ∗ ≤ 1 (see Eq. (9) for an example of suh integration in the
Born-level analysis). Unfortunately, the aeptane of RHIC detetors does not permit suh
integration, so that the resulting asymmetry has the residual dependene on the aeptane
range in cos θ∗ and does not agree with the true asymmetry AL(yW ).
Indeed, cos θ∗ is related to the rapidity of the lepton yℓ via Eqs. (10) and (12):
yℓ = yW +
1
2
ln
1 + cos θ∗
1− cos θ∗ .
Therefore, the restritions on the range of yℓ redue the range of integration over cos θ
∗.
Speially, the Phenix muon detetors are able to detet a muon if the muon rapidity
yµ and azimuthal angle φµ satisfy 1.2 ≤ |yµ| ≤ 2.4 and 0 ≤ φµ ≤ 2π. The Phenix
eletromagneti alorimeter an register eletrons with |ye| ≤ 0.35 and 0 ≤ φe ≤ π. The
Star detetor registers eletrons in the barrel eletromagneti alorimeter that overs |ye| ≤
1.0 and 0 ≤ φe ≤ 2π. In addition, a seletion ut pTℓ & 10 − 20 GeV is expeted to be
imposed on the harged leptons to suppress bakground ontributions, whih also onstrains
sin θ∗ through Eqs. (11) and (13).
The eet of the above uts is demonstrated in Fig. 6, whih shows the single-spin asym-
metry in W+ boson prodution alulated without onstraints on yℓ and pTℓ (solid line), as
well as with the onstraints 1.2 < |yℓ| < 2.4, pTℓ > 20 GeV (irles) and |yℓ| < 1, pTℓ > 20
GeV (boxes). The results shown here are derived using the resummation alulation.
2
A-
ording to the gure, there is a substantial dierene between the asymmetries alulated
with and without experimental uts. This dierene arises due to the dierent dependene of
2
For the asymmetries AL(yW ), the resummation and NLO alulations give lose preditions (within one
estimated statistial error δAL), even though these alulations predit quite dierent shapes for the
unpolarized and polarized dierential ross setions.
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the unpolarized and polarized ross setions on angular distributions of the harged leptons,
whih aets the asymmetry beause cos θ∗ is not integrated out ompletely.
The ndings in this setion an be summarized as follows. The extration of AL(yW ) from
RHIC data is not an easy task, beause (a) the diret measurement of yW is impossible,
and (b) the reonstruted AL(yW ) is distorted by the experimental aeptane uts. In
partiular, the two-fold ambiguity in the determination of yW is unavoidable at yℓ ∼ 0 and
pTℓ ∼ MW/2, i.e., in the region with the largest ross setion. To take the full advantage
of the large event rate at RHIC, we ought to seek an alternative to AL(yW ), whih is free
of the ompliations disussed above. In the next setion, we turn our attention to the spin
asymmetries of the lepton-level ross setions dσ/dyℓ and dσ/dpTℓ, whih may serve as suh
alternative observables. Based on the resummation alulation, we analyze the sensitivity
of the lepton-level asymmetries to the hoie of the experimental uts. We also present
theoretial preditions for various PDF sets.
V. SINGLE-SPIN ASYMMETRIES AT THE LEPTON LEVEL
A. Impat of the uts and soft radiation on lepton-level ross setions
Let us rst separately disuss the unpolarized and polarized ross setions. To study the
detetor eets on the shape of various distributions, we will ompare the ross setions for
the kinematial aeptane of Phenix and Star detetors, as well as ross setions without
any kinematial uts. We also ompare the resummation alulation to the NLO alulation,
with the latter performed in the phase spae sliing method for the separation parameter
qsepT = 1.6 GeV. We onentrate on the distributions dσ/dpTℓ, where the dierenes between
the resummed and NLO preditions are the most visible.
Fig. 7 presents the distribution dσ/pTℓ for the positively harged leptons from the deay
of W+ bosons. The shape of the NLO ross setions (dashed urves) for pTℓ around and
above MW/2 (i.e., the Jaobian peak) is strongly aeted by the arbitrary parameter q
sep
T
employed in this alulation. Hene, the only reliable preditions for this part of the phase
spae are given by the resummed ross setions (shown as the solid urves). For smaller pTℓ,
the resummation alulation agrees with the NLO alulation, beause it is formulated to
math the NLO alulation in the region where the multiple gluon emission is not important.
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Furthermore, without any kinemati uts, the integrated rate of the resummation alulation
agrees with that of the NLO alulation to a perent level. As shown in Fig. 7(b), the
seletion of the leptons in the large rapidity region distorts the shape of the pTℓ distribution
by suppressing the ontributions near the Jaobian peak. On the other hand, the seletion
of the entral-rapidity region |ye| < 1.0 (f. Fig. 7()) suppresses the ontributions with
pTℓ . 10GeV. Both features an be understood from the shape of the dierential distribution
d2σ/(dpTℓdyℓ) given in Fig. 3(a). Aording to this gure, the small (large) rapidity |yℓ|
statistially orresponds to the large (small) transverse momentum pTℓ.
As a pp ollider, RHIC produes dierent numbers of W− and W+ bosons beause of
dierent parton luminosities. Due to the dierent rapidity distributions for W+ and W−
bosons, the rapidity uts have a dierent eet on dσ/dpTℓ in these proesses. Fig. 8 shows
the distributions dσ/dpTℓ in the proess pp→ (W− → ℓ−ν¯ℓ)X . We nd that the shape of the
distributions without uts shown in Fig. 8(a) is very lose to the shape of the orresponding
distribution in Fig. 7(a), even though the overall normalizations are obviously dierent. On
the other hand, the shapes do not oinide in the presene of the uts, in partiular in the
ase of the Phenix seletion uts shown in Figs. 7(b) and 8(b).
The pTℓ distributions in the single-spin W
+
boson prodution are shown in Fig. 9. The
ross setions d∆Lσ/dpTℓ in W
+
boson prodution are negative, beause the harged weak
oupling is purely left-handed, and the dominant polarized PDF ∆u(x) is positive in the
RHIC range of x. Again, we see that the NLO alulation annot reliably predit the
distribution of pTℓ around and above MW/2. For the Phenix kinematis, f. Fig. 9(b),
a sharper peak is developed in the distribution of pTℓ around MW/2 as ompared to the
unpolarized ase, f. Fig. 7(b). The dierent shape is aused by the dierent rapidity
dependene in the unpolarized and single-spin ases, as shown in Figs. 3(a) and 3(). Finally,
the distribution dσ/dpTℓ for the harged leptons ℓ
−
in the W− events is shown in Fig. 10.
For the rapidity distributions dσ/dyℓ without imposed uts on pTℓ, the NLO and re-
summed ross setions are lose to one another, in aordane with the anellation of
soft ontributions in suiently inlusive observables. However, aording to the disussion
above, the resummation and NLO preditions for dσ/dyℓ an be very dierent if uts on pTℓ
are imposed.
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B. Single-spin asymmetries
We now turn our attention to the single-spin asymmetry. Sine the only straightforward
signature of the W bosons at RHIC is the observation of the seondary harged leptons,
it is important to understand these asymmetries at the lepton level. In Figs. 11 and 12,
we show the lepton-level asymmetries AL(yℓ) in the W
+
and W− events, respetively, for
various uts on pTℓ. In these gures, the positive rapidity diretion is in the moving diretion
of the polarized proton beam. Similarly, Figs. 13 and 14 show the asymmetries AL(pTℓ) for
various uts on yℓ. All asymmetries are derived using the Gehrmann-Stirling PDF sets A
and B [23℄ and GRSV-2000 valene-like PDF set [21℄ in the resummation alulation. We
found by experimenting with other available PDF sets in Refs. [21, 23, 24℄ that the shown
graphs haraterize well the possible span in the asymmetry due to the dierent polarized
PDF parametrizations. The projeted statistial errors are estimated aording to Eq. (7)
for the bin sizes shown in the gure.
Aording to the gures, the lepton-level asymmetries an be aurately measured for
both W+ and W− bosons. These diretly observed asymmetries an eiently disriminate
between dierent PDF sets; hene, they provide a viable alternative to the less aessible
asymmetry AL(yW ). For both W
+
and W− boson samples (f. Figs. 11 and 12), the power
to disriminate between dierent PDF sets is larger in the region of the positive rapidity
yℓ, espeially for the W
−
boson data. It is interesting to observe that, in dierent ranges
of yℓ, the largest variations due to the hoie of the PDFs appear in dierent ranges of pTℓ.
In W+ boson prodution, the largest variation in the asymmetries AL(pTℓ) is onentrated
at pTℓ & 30 − 40 GeV in the bakward rapidity region yℓ < 0 (Fig. 13(a) and (b)) and at
pTℓ . 30 − 40 GeV in the forward rapidity region yℓ > 0 (Fig. 13() and 13(d)). In W−
boson prodution the largest variation is observed for very forward leptons, 1.2 < yℓ < 2.4
(Fig. 14(d)). If an additional ondition pTℓ > 20 GeV is imposed, other regions of yℓ
(f. Fig. 14(a)-14()) show a smaller sensitivity to dierent PDF sets.
During the rst years of RHIC spin program, it may not be possible to distinguish between
the positively and negatively harged leptons from the W boson deay, partiularly before
the solenoid eld of the Star detetor is fully operational. It is therefore interesting to
examine the possibility of measuring the single-spin asymmetries in the ombined sample of
W
+
andW− bosons, without distinguishing between harged leptons and anti-leptons. Suh
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asymmetries are shown in Figs. 15 and 16. Sine there are about three W+ bosons produed
per eah W− boson, these asymmetries are lose to the W+ boson asymmetries shown in
Figs. 11 and 12. Therefore, these asymmetries will be able to distinguish between dierent
PDF sets for a suiently high number of events.
3
However, they annot ompletely replae
the single-spin asymmetries for independent W+ and W− boson samples, whih have better
disriminating power and allow us to distinguish between ontributions of dierent parton
avors.
C. Nonperturbative ontribution
As was disussed above, the transverse momentum distributions for vetor bosons are af-
feted by the soft and ollinear radiation, whih an be desribed only by means of all-order
resummation. In addition, the distributions at very small qT are sensitive to nonpertur-
bative ontributions haraterized by large impat parameters b & 1 GeV−1. As a result,
the shape of the lepton-level distribution dσ/dpTℓ around its peak at about pTℓ = MW/2
is aeted by both perturbative and nonperturbative QCD radiation, in addition to the
nonzero width of the W boson. While the perturbative soft and ollinear ontributions an
be alulated order-by-order in the resummation formalism, the nonperturbative ontribu-
tions (assoiated with the nonperturbative transverse motion of partons inside the proton)
an only be approximated by phenomenologial parametrizations. In partiular, based on
the fatorization properties of the resummed ross setions, one an hypothesize a simple
relationship between the nonperturbative Sudakov fators in the unpolarized, single-spin,
and double-spin vetor boson prodution:
SNP |single−spin =
1
2
(
SNP |unpolarized + SNP |double−spin
)
. (14)
Furthermore, SNP is usually assumed to be independent of the type of the eletroweak hard
probe, so that it is the same in γ∗, W, and Z boson prodution. If the relationship (14) for the
spin dependene of SNP indeed holds in nature, the nonperturbative ontributions in single-
spin W boson prodution an be determined unambiguously one the parametrizations of
3
Of ourse, the projeted error bars in Figs. 15 and 16 (evaluated for L = 800 pb−1) will have to be
adjusted to agree with the atual integrated luminosity at the time of the measurement.
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SNP on the right-hand side of Eq. (14) are available, e.g., from the global analysis of the
distributions dσ/dqT in the unpolarized and double-spin γ
∗
or Z0 prodution.
It is well known from the unpolarized studies (see, e.g., Refs. [10, 25, 26℄) that the
importane of the nonperturbative ontributions in the massive boson prodution at high-
energy olliders is strongly redued as ompared to Drell-Yan pair prodution in xed-target
experiments. Nonetheless, this dependene is not entirely negligible at small transverse mo-
menta of W bosons, roughly for qT ∼ 5 GeV or less. To give an idea about the typial
size of the nonperturbative ontributions, Fig. 17 shows the event rate for the single-spin
ross setion d∆Lσ/dpTℓ at L = 800 pb−1, integrated over the Star aeptane range
−1 ≤ yℓ ≤ 1. This rate was alulated using two parameterizations [17, 27℄ of the nonper-
turbative part, whih were found from the analysis of unpolarized vetor boson prodution.
Correspondingly, the resummed ross setions were alulated with the assumption that
SNP |single−spin = SNP |unpolarized. It an be seen that the sensitivity to the nonperturba-
tive input is small, but, nonetheless, visible near the Jaobian peak. For omparison, we
also inluded the NLO ross setion alulated using the phase spae sliing method. The
NLO urve substantially deviates from the resummation urves, and, moreover, its shape
an be drastially modied by varying the phase spae sliing parameter qsepT . In ontrast,
pratially all features of the resummation urve are determined unambiguously by the
perturbative ontribution, and the remaining small dependene on the nonperturbative on-
tributions is pinned down by utilizing a phenomenologial parameterization disussed above.
Needless to say, RHIC should explore the spin properties of nonperturbative ontributions
by studying distributions dσ/dqT in the double-spin γ
∗
and Z0 prodution and dσ/dpTℓ in
single-spin and double-spin W boson prodution.
VI. CONCLUSION
Due to the maximal parity violation in the weak urrent oupling, the longitudinal single-
spin asymmetry of W boson prodution is strongly sensitive to the polarized parton distri-
butions. At the enter-of-mass energy of 500 GeV, W boson prodution events at RHIC an
learly disriminate between various polarized quark luminosities. As a pp ollider, RHIC
probes the sea quark PDFs in the region of relatively high x, where suh PDFs are not ade-
quately onstrained even in the unpolarized ase. Therefore, RHIC experiments also have a
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good potential to redue the unertainties in the unpolarized sea quark PDFs in a dediated
study of spin-averaged ross setions.
Sine Phenix and Star detetors do not determine the missing transverse energy as-
soiated with the neutrino from W boson deay, and beause the harged leptons from the
deay an only be observed in a part of the 4π solid angle, the reonstrution of the asym-
metries at the level of W bosons is not easy to realize. As an alternative to the asymmetry
AL(yW ) for the W boson rapidity distribution dσ/dyW , we advoate the measurement of the
asymmetries AL(yℓ) and AL(pTℓ) for the distributions dσ/dyℓ and dσ/dpTℓ in the rapidity
yℓ and transverse momentum pTℓ of the seondary harged lepton. These lepton-level asym-
metries an be diretly observed at RHIC detetors, they are sizeable, and they an be used
to determine the polarized PDFs with high preision.
To reliably predit the distributions of the harged leptons in all available phase spae, a
theoretial alulation is needed for all-order summation of large logarithmi ontributions
orresponding to W bosons with a small transverse momentum. At the lepton level, the
largest eet of the logarithm resummation is observed in the distributions dσ/dpTℓ and
d∆Lσ/dpTℓ in the proximity of the Jaobian peak (pTℓ ≈ MW/2). The importane of the
resummation an be veried by observing a large dierene between the resummed and
NLO ross setions near the Jaobian peak, whih happens only when the eet of soft
gluon radiation is important.
In this paper, we apply the state-of-art resummation alulation [12℄ for spin-dependent
vetor boson prodution to predit reliably the distributions of the observed leptons fromW
boson deay. In addition to the spin-averaged and single-spin ross setions, we presented a
detailed study of single-spin asymmetries for the deay lepton in the presene of kinemat-
ial uts imposed by Phenix and Star detetors. Furthermore, we propose to study the
distribution d∆Lσ/dpTℓ at pTℓ ≈ MW/2 to learn about the spin (in)dependene of nonper-
turbative ontributions in the CSS resummation formalism. The study of suh ontributions
for dierent beam polarizations and bosons of dierent types (γ∗,W±, Z0) will shed light on
basi properties of QCD fatorization and provide important lues about the nature of the
intrinsi transverse motion of partons inside the proton.
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Table I: The unpolarized ross setions (in pb) and numbers of events N for the proesses pp →
(W± → ℓνℓ)X and pp→ (Z0 → ℓℓ¯)X at RHIC. Here ℓ and νℓ are leptons of one lepton generation,
and the deay branhing ratios were alulated to be Br (W± → ℓνℓ) = 0.11, Br
(
Z0 → ℓℓ¯) =
0.034. The numbers in parentheses show the relative unertainties. Also shown are the Born-level
momentum frations x = Q/
√
s orresponding to yW = 0 (or yZ = 0). The unertainties δσPDF
in the ross setions σ are due to the unertainties in the parton distribution funtions estimated
aording to the CTEQ6 analysis [18, 19℄. The unertainties in N are purely statistial.
√
s = 200 GeV
√
s = 500GeV
L = 320 pb−1 L = 800 pb−1
x|yW=0 0.4 0.16
W+ σ ± δσPDF
(
δσPDF
σ
)
1.38± 0.34 (0.25) 124 ± 9 (0.07)
N ±√N(1/√N) 440± 20 (0.05) 99200 ± 300 (0.003)
x|yW=0 0.4 0.16
W− σ ± δσPDF
(
δσPDF
σ
)
0.43± 0.12 (0.27) 41± 4 (0.10)
N ±√N(1/√N) 142± 12 (0.09) 32800 ± 200 (0.006)
x|yZ=0 0.46 0.18
Z0 σ ± δσPDF
(
δσPDF
σ
)
0.07± 0.02 (0.26) 10.0 ± 0.8 (0.08)
N ±√N(1/√N) 21± 5 (0.22) 8010 ± 90 (0.01)
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Figure 1: Unertainties due to the PDF errors in the unpolarized ross setions of W and Z0 boson
prodution at various olliders. The shown unertainties are for RHIC at
√
s = 200, 500, and 650
GeV; Tevatron Run-2; LHC; and titious pp¯ olliders at
√
s = 200 and 500 GeV.
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Figure 2: The unpolarized ross setion for the proess pp→ (W+ → ℓ+νℓ)X at
√
s = 500 GeV as
a funtion of (a) the transverse momentum qT of the W
+
boson and (b) the transverse momentum
pTℓ of the harged lepton, as predited by the resummation alulation. CTEQ5M PDFs [20℄ were
used.
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(a) pp→ (W+ → ℓ+νℓ)X (b) pp→ (W− → ℓ−ν¯ℓ)X
() ∆Lpp→ (W+ → ℓ+νℓ)X (d) ∆Lpp→ (W− → ℓ−ν¯ℓ)X
Figure 3: Resummed two-variable distributions d2σ/dpTℓdyℓ for (a), (b) unpolarized and (), (d)
single-spin ross setions in W+ and W− boson prodution. The unpolarized and single-spin ross
setions are alulated using CTEQ5M [20℄ and GRSV-2000 [21℄ standard PDF sets, respetively.
A high-resolution version of this gure is inluded in the online opy of the preprint available at
http://hep.pa.msu.edu/nadolsky/RhiBos/home.html#RhiBos_referenes.
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Figure 4: The average dierenes between the exat value of yW and two approximate solutions
y± of Eqs. (10)-(13) as a funtion of the harged lepton's rapidity yℓ and transverse momentum
pTℓ. The resummation alulation and CTEQ5M PDFs [20℄ were used. The numbers inside the
buttery shapes show the magnitude of the dierenes |y+ − yW | and |y− − yW |. Aording
to the gure, the solutions y+ and y− provide good approximations in the limits yℓ ≪ 0 and
yℓ ≫ 0, respetively. The dashed lines approximately mark the regions of the shown rapidity
dierenes. A more detailed olor version of the gure is available in the online opy of the preprint
at http://hep.pa.msu.edu/~nadolsky/RhiBos/home.html#RhiBos_referenes.
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p p → ( W + → l–  νl ) X√ s = 500 GeV
10 ≤ pTl  ≤ 30 GeV
1.2 ≤ yl  ≤ 2.4
Exact yW
Estimated y   = yW        -
Figure 5: Comparison of the distributions dσ/dy− and dσ/dyW in the region of the validity of the
approximate solution y−, as predited by the resummation alulation. The onstraints 1.2 ≤ yℓ ≤
2.4 and pTℓ ≥ 10 GeV imitate kinematial uts for a measurement with the Phenix muon detetor.
The ut pTℓ ≤ 30 GeV suppresses ontributions with large deviations of y− from yW (f. Fig. 4(b)).
CTEQ5M PDFs [20℄ were used.
26
No cuts
1.2 < |yl | < 2.4, pTl  > 20 GeV
|yl | < 1, pTl  > 20 GeV
Figure 6: Dependene of the asymmetry AL(yW ) on the uts imposed on the momentum of the
observed harged lepton in the proess ∆Lpp→ (W+ → ℓ+νℓ)X, as predited by the resummation
alulation. The GRSV-2000 standard set [21℄ of the polarized PDFs was used. The projeted
statistial errors in AL(yW ) (shown by error bars) are estimated with the help of Eq. (7) for the
bin sizes shown in the gure.
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No leptonic cuts
Resummed, W + Y
NLO, qsepT    = 1.6 GeV
(a) No uts
1.2 ≤ |yl | ≤ 2.4
Resummed, W + Y
NLO, qsepT    = 1.6 GeV
(b) 1.2 ≤ |yℓ| ≤ 2.4
-1 ≤ yl ≤ 1
Resummed, W + Y
NLO, qsepT    = 1.6 GeV
() −1 ≤ yℓ ≤ 1
Figure 7: Unpolarized resummed (solid) and NLO (dashed) ross setions dσ/dpTℓ in the proess
pp→ (W+ → ℓ+νℓ)X for various uts on the lepton's rapidity. CTEQ5M PDFs [20℄ were used.
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No leptonic cuts
Resummed, W + Y
NLO, qsepT    = 1.6 GeV
(a) No uts
1.2 ≤ |yl | ≤ 2.4
Resummed, W + Y
NLO, qsepT    = 1.6 GeV
(b) 1.2 ≤ |yℓ| ≤ 2.4
-1 ≤ yl ≤ 1
Resummed, W + Y
NLO, qsepT    = 1.6 GeV
() −1 ≤ yℓ ≤ 1
Figure 8: Unpolarized resummed (solid) and NLO (dashed) ross setions dσ/dpTℓ in the proess
pp→ (W− → ℓ−ν¯ℓ)X for various uts on the lepton's rapidity. CTEQ5M PDFs [20℄ were used.
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No leptonic cuts, GS-A
Resummed, W + Y
NLO, qsepT    = 1.6 GeV
(a) No uts
1.2 ≤ |yl | ≤ 2.4, GS-A
Resummed, W + Y
NLO, qsepT    = 1.6 GeV
(b) 1.2 ≤ |yℓ| ≤ 2.4
-1 ≤ yl ≤ 1, GS-A
Resummed, W + Y
NLO, qsepT    = 1.6 GeV
() −1 ≤ yℓ ≤ 1
Figure 9: Single-spin resummed (solid) and NLO (dashed) ross setions d∆Lσ/dpTℓ in the proess
∆Lpp → (W+ → ℓ+νℓ)X for various uts on the lepton's rapidity. Gehrmann-Stirling PDF set A
[23℄ were used.
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No leptonic cuts, GS-A
Resummed, W + Y
NLO, qsepT    = 1.6 GeV
(a) No uts
1.2 ≤ |yl | ≤ 2.4, GS-A
Resummed, W + Y
NLO, qsepT    = 1.6 GeV
(b) 1.2 ≤ |yℓ| ≤ 2.4
-1 ≤ yl ≤ 1, GS-A
Resummed, W + Y
NLO, qsepT    = 1.6 GeV
() −1 ≤ yℓ ≤ 1
Figure 10: Single-spin resummed (solid) and NLO (dashed) ross setions d∆Lσ/dpTℓ in the proess
∆Lpp → (W− → ℓ−ν¯ℓ)X for various uts on the lepton's rapidity. Gehrmann-Stirling PDF set A
[23℄ was used.
31
No cuts pTl > 10 GeV
pTl > 20 GeV ∆Lp p → (W
 +
 → l– νl ) X
√ s = 500 GeV, L = 800 pb-1
GS-A
GS-B
GRSV-2000 valence
l
l l
l
l
Figure 11: Asymmetries AL(yℓ) for various seletion uts on pTℓ in W
+
boson prodution, as
predited by the resummation alulation. The asymmetry is shown for the Gehrmann-Stirling
PDF sets A (solid) and B (dashed), as well as for the GRSV valene-like PDF set (dotted).
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No cuts pTl > 10 GeV
pTl > 20 GeV
∆Lp p → (W - → l  ν
–
l ) X
√ s = 500 GeV, L = 800 pb-1
GS-A
GS-B
GRSV-2000 valence
l
l l
l
l
Figure 12: Asymmetries AL(yℓ) for various seletion uts on pTℓ in W
−
boson prodution, as
predited by the resummation alulation. The asymmetry is shown for the Gehrmann-Stirling
PDF sets A (solid) and B (dashed), as well as for the GRSV valene-like PDF set (dotted).
33
-2.4 < yl < -1.2 -1.2 < yl < 0
0 < yl < 1.2 1.2 < yl < 2.4
(a) (b)
(c) (d)
Figure 13: Asymmetries AL(pTℓ) for various seletion uts on yℓ in W
+
boson prodution, as
predited by the resummation alulation. The asymmetry is shown for the Gehrmann-Stirling
PDF sets A (solid) and B (dashed), as well as for the GRSV valene-like PDF set (dotted).
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-2.4 < yl < -1.2 -1.2 < yl < 0
0 < yl < 1.2 1.2 < yl < 2.4
(a) (b)
(c) (d)
Figure 14: Asymmetries AL(pTℓ) for various seletion uts on yℓ in W
−
boson prodution, as
predited by the resummation alulation. The asymmetry is shown for the Gehrmann-Stirling
PDF sets A (solid) and B (dashed), as well as for the GRSV valene-like PDF set (dotted).
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No cuts pTl > 10 GeV
pTl > 20 GeV
∆Lp p → (W  ± → l νl ) X
√ s = 500 GeV, L = 800 pb-1
GS-A
GS-B
GRSV-2000 valence
l
l l
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Figure 15: Asymmetries AL(yℓ) for various seletion uts on pTℓ for the ombined sample of W
+
and W− bosons, as predited by the resummation alulation. The asymmetry is shown for the
Gehrmann-Stirling PDF sets A (solid) and B (dashed), as well as for the GRSV valene-like PDF
set (dotted).
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-2.4 < yl < -1.2 -1.2 < yl < 0
0 < yl < 1.2 1.2 < yl < 2.4
(a) (b)
(c) (d)
Figure 16: Asymmetries AL(pTℓ) for various seletion uts on yℓ for the ombined sample of W
+
and W− bosons, as predited by the resummation alulation. The asymmetry is shown for the
Gehrmann-Stirling PDF sets A (solid) and B (dashed), as well as for the GRSV valene-like PDF
set (dotted).
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-1 ≤ yl ≤ 1, GS-A
Resummed,
Ladinsky-Yuan SNP
Resummed,
BLNY SNP
NLO, qsepT    = 1.6 GeV
Figure 17: The single-spin harged lepton transverse momentum distribution d∆Lσ/dpTℓ for W
+
boson prodution disussed in the main text. The nonperturbative parts of the resummed ross
setions were approximated by the Ladinsky-Yuan [27℄ (solid) and Brok-Landry-Nadolsky-Yuan
[17℄ (dashed) phenomenologial parameterizations from unpolarized vetor boson prodution. The
NLO ross setion is shown for omparison as a dotted line. The distributions are alulated using
the Gehrmann-Stirling PDF set A [23℄.
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